Many species of tsetse flies (Diptera: Glossinidae) can be infected by a virus that causes 26 salivary gland hypertrophy (SGH). The genomes of viruses isolated from Glossina 27 pallidipes (GpSGHV) and Musca domestica (MdSGHV) have recently been sequenced. 28
Abstract: 25
Many species of tsetse flies (Diptera: Glossinidae) can be infected by a virus that causes 26 salivary gland hypertrophy (SGH). The genomes of viruses isolated from Glossina 27 pallidipes (GpSGHV) and Musca domestica (MdSGHV) have recently been sequenced. 28
Tsetse flies with SGH have a reduced fecundity and fertility which cause a serious 29 problem for mass rearing in the frame of sterile insect technique (SIT) programs to 30 control and eradicate tsetse populations in the wild. A potential intervention strategy to 31 mitigate viral infections in fly colonies is neutralizing of the GpSGHV infection with 32 specific antibodies against virion proteins. Two major GpSGHV virion proteins of about 33 130 kDa and 50 kDa, respectively, were identified by Western analysis using polyclonal 34 rabbit antibody raised against whole GpSHGV virions. The proteome of GpSGHV, 35 containing the antigens responsible for the immune-response, was investigated by liquid 36 chromatography tandem mass spectrometry (LC-MS/MS) and 61 virion proteins were 37 identified by comparison with the genome sequence. Specific antibodies were produced 38 in rabbits against seven candidate proteins including the ORF10 / C-terminal fragment, 39 ORF47 and ORF96 as well as proteins involved in peroral infectivity PIF-1 (ORF102), 40 PIF-2 (ORF53), PIF-3 (ORF76) and P74 (ORF1). Antiserum against ORF10 specifically 41 reacted to the 130 kDa protein in a Western blot analysis and to the envelope of 42 GpSGHV using immunogold-EM. This result suggests that immune intervention of viral 43 infections in colonies of G. pallidipes is a realistic option. 44
INTRODUCTION 45
Tsetse flies (Diptera: Glossinidae) are the vectors of sleeping sickness in humans (or 46 human African trypanosomosis, HAT) and the livestock disease nagana (or African 47 animal trypanosomosis, AAT) (Steelman, 1976; WHO, 2001 ). The continuing presence 48 and advancement of tsetse flies prevents the development of sustainable and profitable 49 livestock production systems, thus greatly influencing food production, natural-resource 50 utilization and human settlement in almost two thirds of sub-Sahara Africa (Jordan, 51 1986 ). There are no effective vaccines against trypanosomosis and the disease is mainly 52 managed by the prophylactic and curative treatment with trypanocidal drugs. However, 53
there have been reports of development of resistance to the available trypanocidal drugs 54 (Aksoy & Rio, 2005) . It is generally accepted that vector control remains the most 55 effective way of managing the disease and the sterile insect technique (SIT) that relies on 56 the sequential release of sterile male flies in the wild has proven to be a robust technique 57 for use in an area-wide integrated pest management (AW-IPM) approach (Hendrichs et 58 al., 2007; Vreysen et al., 2000) . Upon mating of the sterile males with virgin female wild 59 flies there is no offspring which leads to a reduction in tsetse fly population density. 60
Nycodenz purification was checked by the transmission electron microscopy, but they 114 appeared to be fragile ( Fig. 1B and C) . It is possible that some host proteins have been 115 co-purified, but also that they are intricately associated with virions, such as actin (Lanier 116 & Volkman, 1998; Wang et al., 2010) . Separation of the purified GpSGHV proteins by 117 gradient SDS-PAGE revealed at least 35 proteins ranging in size from 10 kDa to > 130 118 kDa ( Fig. 2A) The ORFs corresponding to 61 virion proteins were superposed on the physical 133 map of GpSGHV (Fig. 3) Among the GpSGHV virion proteins identified (Table 1) tested as candidates for the observed immunodominant proteins in GpSGHV (Fig. 4) . 217
These ORFs were expressed in E. coli BL21 cells. Due to its large size, ORF10 was split 218 into two fragments (N-and C-terminal fragments with calculated molecular sizes of 219 approximately 69 kDa and 66 kDa, respectively). In addition, due to their assumed 220 important role in oral infectivity and potential target for immune intervention, all the four 221 PIF genes were selected as candidates for protein expression in bacteria. ORF1 (p74), 222 ORF41, ORF70, ORF97 and the N-terminal fragment of ORF10 could not be 223 successfully expressed in E. coli. Of the six proteins that were successfully made and that 224 reacted with the rabbit antiserum against GpSGHV virions (PIF-1, PIF-2, PIF-3, ORF47, 225
ORF96 and the C-terminal fragment of ORF10), two ORFs, ORF10 (C-terminal) and 226 ORF96, were selected to generate mono-specific polyclonal antibodies based on the fact 227 that these two ORFs were found to be the major viral proteins (Table 1) . Antibodiesraised against the proteins encoded by ORF10 (C-terminal) and ORF96 were tested 229 against GpSGHV and homogenates of hypertrophied salivary glands of infected G. 230 pallipides flies (Fig. 5A) . As expected these antibodies reacted against the 130 kDa and 231 50 kDa band, respectively. 232 233
Immunolocalization of SGHV proteins 234
Transmission electron microscopy (TEM) using the antibody against the C-terminal 235 fragment of ORF10 gave an indication that the protein is likely to be a component of the 236 envelope of the virus (Fig. 5B-b) . Immunolocalization studies of ORF96 using the 237 specific rabbit antibody against this protein did not give conclusive evidence whether this 238 protein is part of the virus envelope as there were no gold particles observed on the 239 virions under the conditions used in the TEM studies. This could mean that either the 240 ORF96 protein could have hidden epitopes or the antiserum was not suited for immuno 241 EM. Furthermore it could be seen in the TEM that only a few GpSGHV virion rods 242 remained entirely intact after Nycodenz-preparation. This confirms the fragile nature of 243 GpSGHV virus and further work need to be done to study its stability under different 244 conditions such as temperature, and especially the effects of virus handling on its 245 infectivity to the tsetse fly. It is to be noted that a high density of gold particles were 246 observed when antiserum against ORF10 was used, most likely on debris of the viral 247 envelope. In the control experiments (preimmune serum), no gold particles could be seen 248 for either the GpSGHV virion or the nucleocapsid. These studies may be direct evidence 249 that the ORF10 could be involved functionally in the formation and/or the assembly of 250 the GpSGHV envelope. 
